We developed a method to produce, identify and analyze DNA fragments for the purpose of taxonomic classification. Genome profiling (GP) is a strategy that identifies genomic DNA fragments common to closely related species without prior knowledge of the DNA sequence. Random PCR, one of the key technologies of GP, is used to produce fragments and may be used even when there are mutations at the priming site. These fragments can then be distinguished based on the information of mobility and melting pattern when subjected to temperature gradient gel electrophoresis (TGGE). Corresponding fragments among several species, designated as commonly conserved genetic fragments (CCGFs), likely have the same genetic origin or correspond to the same gene. The criteria for identification of CCGFs has been defined and presented here. To assess this prediction, some of the fragments were sequenced and were confirmed to be CCGFs. We show that genome profiles bearing evolutionarily conserved CCGFs can be used to classify organisms and trace evolutionary pathways, among other profound applications.
INTRODUCTION
Traditionally, the classification of organisms is based on phenotypic traits. More recently, evolutionarily conserved gene and amino acid sequences have been employed to classify organisms. Ribosomal genes, among others (1-3), have been used for this purpose. However, targeting specific genes often fails to produce useful PCR products due to a mismatch in template-primer binding structures when the gene is not highly conserved (4) . Moreover, this method requires prerequisite knowledge of the sequence. Therefore, we propose a method of genome profiling (GP) to identify commonly conserved genetic fragments (CCGFs) across a variety of organisms.
In this strategy, non-specific DNA fragments are generated through random PCR, resolved by electrophoresis, and characterized and identified by physical property analysis. DNA fragments that are common to various species and difficult to obtain by specific PCR can often be amplified by random PCR owing to the formation of mismatch-or bulge-containing primer-template structures performed at lower temperatures than that of specific PCR (5, 6) . The fragments generated by random PCR from a variety of organisms are resolved by temperature gradient gel electrophoresis (TGGE) utilizing not only fragment size, but also mobility, melting point and pattern characteristics. Fragments found in a wide range of species are CCGFs. Identifying CCGFs through GP is a cost-effective way to classify species. CCGFs also play a pivotal role in the pattern similarity score (PaSS) method (discussed later).
MATERIALS AND METHODS

Template DNA
Genomic DNA of four members of the enterobacteria family was obtained from the Saitama Institute of Public Health (Saitama, Japan): Escherichia coli, Shigella sp., Salmonella sp. and Yersinia sp. Genomic DNA of Bacillus was a gift from Dr Itaya (Mitsubishi Institute of Life Sciences, Japan).
Primers
Random PCR was carried out on four species of enterobacteria and Bacillus using primers, pfM12 (dAGAACGCGCCTG) and pfM19 (dCAGGGCGCGTAC). The resulting fragments are shown in Figure 1A and B, respectively. The primer pairs dA-GAACGCGCCTGTTGCTGGAAGAG/dAGAACGCGCCTG-TTCTTCTGATGT and dAGAACGCGCCTGTTTGAACAGC-TG/dAGAACGCGCCTGTTCTGGCGTCA were used to amplify bands 1 and 3, respectively, of Figure 1A . The primer pairs dCAGGGCGCGTACCCCACCAGCACG/dCAGGGCG-CGTACGTGGACGATTAC and CAGGGCGCGTACGACAG-CATTGGT/dCAGGGCGCGTACACCAGTTCCGGG were used to amplify bands 2 and 5, respectively, appearing in the genome profiles in Figure 1B .
Designing specific primers
For obtaining sequences, we followed the previously described strategy (5) , where the sequences of the random PCR products were predicted based on their sizes and confirmed from their melting profiles.
Genome profiling
This method consists of two principle techniques, random PCR and TGGE. Random PCR was carried out in 100 µl reaction volumes containing 10 ng of template DNA, 0.5 µM primer DNA, 250 µM each dNTP (N = A, G, C, T), 50 mM Tris-HCl . TGGE was performed for 75 min at 15 V/cm using 4% polyacrylamide gels with a temperature gradient of 30-70°C perpendicular to the electric field (6) on a TG-180 (Taitec, Japan).
Sequencing
DNA fragments 1 and 3 from Figure 1A and 2 and 5 from Figure 1B were recovered from the random PCR products by specific PCR using the designed primers, cloned into a plasmid using a TA cloning kit (Invitrogen), and sequenced on a DSQ 2000L sequencer (Shimadzu, Japan).
RESULTS AND DISCUSSION
A fundamental difference between GP and conventional methods is that genes used for classifying organisms are defined before the experiment in conventional approaches, whereas CCGFs are identified as a result of the GP experiments without prior knowledge of their sequences. In this paper we use four species of enterobacteria and Bacillus to demonstrate the effectiveness of GP to accomplish this task.
Random PCR generates a pool of unidentified DNA fragments depending on the combination of template and primer(s), which are representatives of the original genome (5) . It can also be widely applied to detect polymorphisms in various organisms (7) (8) (9) (10) (11) (12) . Although convenient to perform, it is not sufficient for identifying the origins of bands mainly because: (i) the amount of random PCR products changes significantly Figure 1 . CCGFs identified by GP. Genome profiles of five species (four enterobacteria and one Bacillus) were obtained using primers pfM12 (A) and pfM19 (B). DNA fragments identified as candidate CCGFs are indicated by the same numbers (the reds were processed to sequencing). Ref is an internal reference (204 bp, initial melting temperature = 60°C) that was comigrated with the random PCR products (14) .
depending on PCR conditions, leading to different appearance of band patterns (13); and (ii) insertions or deletions that occurred during the course of evolution alter the mobility of DNAs, resulting in quite different appearance. Unless bands common to various species are very close in position, it is difficult to determine whether such bands represent the same fragment. In other words, it is difficult to determine whether there are bands of common sources among different species unless the species are very close. On the other hand, GP can reveal that there are possible common bands between the species as shown in Figure 1 and indicated by the same numbers. Two genome profiles were obtained for each organism by changing the random PCR primers and multiple bands were observed in each profile. Evidently, no profile obtained by TGGE resembles each other, thus demonstrating that TGGE is more powerful than conventional gel electrophoresis for visualizing random PCR products (6) . This power of separation comes from the fact that TGGE utilizes both the mobility and melting pattern of DNA (14) , whereas conventional electrophoresis separates fragments based only on mobility (Fig. 2) .
Identical band patterns observed by TGGE for two or more samples are very likely to represent the same part of the genome and are likely to have similar, if not identical, sequences. Conversely, the probability that DNA from different genes would produce similar TGGE patterns is very low. In order to elucidate this fact, four fragments appearing in different species (CCGFs) were recovered from the random PCR products using primers designed according to the predicted sequence and sequenced. Complete correspondence between the band patterns in the genome profiles and confirmation experiments was obtained with few exceptions (Fig. 3 ; Table 1 ).
The first criteria for establishing CCGFs are that the mobility and the melting temperature of corresponding DNA bands be quite close. This can be quantitatively performed by way of species identification dots (spiddos) and PaSS (15) . Spiddos are the featuring points on each individual band appearing in genome profiles and are assigned based on intrinsic melting points such as initial melting point, minimum mobility point and so on. Secondly, overall melting patterns of the bands must be similar. If the above criteria are fulfilled, the bands in different genome profiles can be tentatively designated as CCGFs. Statistical analysis will provide a more rigorous confirmation of CCGFs. For example, PaSS values obtained for pairs of tentatively identified CCGF bands, PaSS B in Figure 4 , may be suitable for this purpose. In this case, the similar situation must hold true to that encountered in the analysis of PaSS scores used for species identification (Fig. 5) .
This approach of finding CCGFs is more effective for genomes that are not so distantly related. Theoretically, we expect that organisms with the same genome size and descended from a common ancestor, for example, species within the same family or genus, would share more CCGFs. The sequences of the recovered fragments were determined and found to be genuine CCGFs (Table 1 ). Point mutation analysis reveals different degrees of substitution among the species studied here. Thus, bands showing similar or identical TGGE patterns in genome profiles are more likely to have similar sequences and correspond to the same part of a gene. Namely, it can be claimed that these fragments have a common origin. Thus, from the results demonstrated above, we designate these bands as CCGFs.
CCGFs can be classified into two categories as local CCGFs and global CCGFs. Local CCGFs are the ones that are present in some or a limited number of species whereas global CCGFs are the fragments that may be present universally in almost all of the species. There are probably CCGFs that are common to a wide range of species. Once such a wide-range CCGF (or global CCGF) is found, it will be useful for classifying species.
Classification of species based on CCGFs can be approached in two ways: direct sequencing of the CCGFs, or calculating PaSS values (15) . By obtaining sequences of CCGFs the distances between species can be measured either in terms of (Table 2 ). This result is in agreement with the results obtained by sequencing and the other conventional methods (Fig. 6) . The greatest advantage of the GP approach over conventional ones, which depend on the specific PCR, is its robustness in dealing with mutations. Specific PCR often fails to produce the target product in the presence of mutations at the primerbinding sites due to the high fidelity of primer binding under high annealing temperatures. On the other hand, random PCR uses lower annealing temperatures, tolerates mutations in the primer-binding step, and can therefore generate many more DNA fragments. In addition, we can still recognize CCGFs in spite of the insertion and deletion mutations within the relevant regions of DNA using TGGE. Identifying global CCGFs will facilitate evolutionary studies as these CCGFs can be used as universal probes much like 16S rDNA/RNA and gyrases (20) . Therefore, GP and CCGFs are powerful new tools that can be utilized in classification and related studies, particularly when previous attempts to identify genes for taxonomic studies were not successful for the organisms in question. 
